Background: Regorafenib (REG) has now been approved as the standard third-line therapy in metastatic gastrointestinal stromal tumour (GIST) patients at the recommended dose and schedule of 160 mg once daily for the first 3 weeks of each 4-week cycle. However, it has a relevant toxicity profile that mainly occurs within the first cycles of therapy, and dose and schedule adjustments are often required to reduce the frequency or severity of adverse events and to avoid early treatment discontinuation. To date, large amounts of data on the use of REG in metastatic GIST patients in daily clinical practice are not available, and we lack information about how this treatment personalization really affects the quality of life (QoL) of patients. The aim of the present retrospective study is to build a comprehensive picture of all alternative REG strategies adopted in daily clinical practice for use in metastatic GIST patients. Methods: Metastatic GIST patients treated with dose adjustment or alternative schedules of REG at seven reference Italian centres were retrospectively included. Results: For a total of 62 metastatic GIST patients, we confirmed that REG treatment adjustment is common in clinical practice and that it is very heterogeneous, with approximately 20 different strategies being adopted. Independent of which strategy is chosen, treatment personalization has led to a clinical benefit defined as complete or partial resolution of side effects in almost all patients, affecting the duration of REG treatment. Conclusions: The personalization of REG, even if it is heterogeneous, seems to be crucial to maximize the overall treatment duration.
Introduction
After the identification of KIT or PDGFRA mutations, gastrointestinal stromal tumours (GIST), the most common mesenchymal tumours of the gastrointestinal (GI) tract, soon became a model for targeted therapies. [1] [2] [3] [4] The advent of imatinib (IM) and, a few years later, sunitinib (SU), regorafenib (REG), and all oral tyrosine kinase inhibitors (TKIs), has dramatically changed the natural history of this chemoresistant disease, and these TKIs have become the standard sequence of treatment in the advanced setting. [5] [6] [7] [8] REG is an oral multi-kinase inhibitor that blocks the activity of multiple protein kinases, including those involved in the regulation of tumour angiogenesis (VEGFR-1, VEGFR-2, VEGFR-3, and TIE2), oncogenesis (KIT, RET, RAF-1, BRAF, and BRAF V600E), and the tumour microenvironment (PDGFR and FGFR). 9 REG has now Personalization of regorafenib treatment in metastatic gastrointestinal stromal tumours in real-life clinical practice 732 journals.sagepub.com/home/tam been approved as the standard third-line option with a significant improvement in progressionfree survival compared with placebo in GIST patients after failure of IM and SU. 8 The recommended dose and schedule of REG is 160 mg once daily for the first 3 weeks of each 4-week cycle. However, drug-related adverse events of grade 3 or higher were reported in more than half of the patients (61.4%), leading to a dose modification in 72% of patients. 8 In particular, the majority of adverse events occurred in the first months of treatment, and there were significantly lower rates of adverse events in subsequent months. 10 Similar to the experience with other TKIs, treatment personalization is extremely important in everyday clinical practice to reduce the frequency or severity of adverse events and to avoid early treatment discontinuation. [11] [12] [13] However, in the real-life setting, the personalization of REG treatment is not uniform and standardized. In addition to the recommended dose reduction, a wide spectrum of alternative schedules has been adopted, combining dose reduction with different intermittent administrations.
To date, large amounts of data on the use of REG in daily clinical practice in metastatic GIST patients are not available. Therefore, we lack information about how this treatment personalization really affects the quality of life (QoL) and outcomes of patients.
The aim of the present retrospective study is, for the first time, to build a comprehensive picture of all alternative REG strategies adopted in practice, focusing on the impact of the strategies on patient safety and outcomes, to optimize the use of this effective but challenging drug. 
Patients and methods

Patients
Data collection
A database including details on demographic data, pathological and molecular data, treatments and last follow-up data of the patients was shared among the selected centres, and the data were retrospectively collected.
Detailed information on REG treatment for each patient has been recorded, focusing on number of treatment adjustments received, type of treatment adjustments adopted, reasons that have led to treatment personalization and impact of treatment personalization on safety. Adverse events were reported according to the National Cancer Institute (NCI)-Common Terminology Criteria for Adverse Events (CTCAEs) version 4.0. The patients were followed up monthly in each centre, but the frequency of the visits may have been personalized according to clinical needs.
Statistical analysis
A descriptive analysis was conducted using median values and ranges. The time between the beginning of treatment and first treatment adjustment was calculated as the period from the start of treatment to the date of the first modification. The time between the first and second treatment adjustment was calculated as the period from the date of the first modification to the date of the second one. The duration of REG treatment was calculated as the period from the start of treatment to the end of treatment or to the last follow up and, in the case of patients still in treatment, at the time of the analysis. The 95% confidence interval (CI) was calculated assuming the t-student distribution with n -1 degrees of freedom (where n = sample size) and adopting the sample standard deviation.
Results
Patient population features
A total of 62 metastatic GIST patients were included. The patients' characteristics are listed in Table 1 . The median age of the patients was 56
journals.sagepub.com/home/tam 733 years (range: 32-75 years). A total of 33 patients (53%) were male, and 29 patients (47%) were female. The primary tumour site was the ileum in 27 patients (43%), stomach in 16 patients (26%), digiunum in 6 patients (10%), duodenum in 5 patients (8%), rectum in 4 patients (6%), colon in 1 patient (2%), and extra-GIST in 3 patients (5%). At the time of diagnosis, 40 patients (64%) had a localized disease, while 22 patients (36%) had a metastatic disease. From the mutational analysis, which was available in 92% of the cases, 40 patients (64%) had KIT exon 11 mutations, 13 patients (21%) had KIT exon 9 mutations, 3 patients (5%) were KIT/PDGFRA wild type (WT), and 1 patient (2%) harboured a KIT exon 17 primary mutation. In all patients REG treatment was started in 2011.
REG treatment personalization data
A total of 55 patients (89%) received REG at the standard dose and a schedule of 160 mg once daily for the first 3 weeks of each 4-week cycle, while 7 patients (11%) had received personalized treatment since the beginning for clinical reasons. All 55 patients initially treated with the standard dose and schedule of REG received at least one treatment adjustment due to intolerance. Among them, 23 patients (42%) received a second treatment adjustment, again for intolerance. Only in two cases was the standard dose and schedule of REG resumed due to disease progression.
Among the remaining seven patients for whom the treatment was personalized since the beginning, three patients also received a treatment adjustment due to intolerance, two patients maintained the same personalized treatment during all therapy courses, and two patients had a dose of REG that was increased again due to disease progression.
The median time between the beginning of treatment and first treatment adjustment was 2.5 months (range 0.2-20.3 months; 95% CI, 1.654-3.356). The median time between the first and second treatment adjustments was 6.9 months (range 0.9-45.8 months; 95% CI, 2.970-13.681).
Types of treatment adjustments
Among the 55 patients initially treated with the standard dose and schedule of REG, the first treatment adjustment was a dose reduction in 36 patients (65%) and a schedule modification maintaining the full dose in 7 patients (13%), while in 12 patients (22%), dose reduction and different intermittent schedules were combined. Among the 21 patients who required a second treatment adjustment due to intolerance, 4 patients (19%) received a dose reduction and 9 patients (43%) received a schedule modification, while in 8 patients (8%), both the dose and schedule were modified ( Figure 1 ).
All types of treatment adjustments recorded are listed in Supplementary Table 1 .
Despite the wide heterogeneity observed, the most frequent strategy of personalization for the first treatment adjustment was 120 mg/day d1-21 e28, which was adopted in 60% of patients (35/58), while for the second treatment adjustment, the variability was higher, with a prevalence for the following three strategies: 80 mg/day d1-21 e28 (5 pts/21 = 24%), 120 mg/day d1-14 e21 (3 pts/21 = 14%), and 80 mg/day d1-14 e21 (3 pts/21 = 14%) [ Figure 2 (a) and (b)].
Impact of treatment personalization on safety profile
In the subgroup of 55 patients initially treated with the standard dose and schedule of REG, the main reported side effects leading to the first treatment adjustment were the following: Handfoot skin reaction (HFSR) (43.6%), GI symptoms (36.4%), fatigue (34.5%), hypertension (16.3%), anorexia (13%), and oral mucositis (11%). In the subgroup of 21 patients who underwent a second treatment adjustment, the main reported side effects were the following: HFSR (52%), fatigue (33.4%), and GI symptoms (19%) ( Table 2 ).
According to the strategy adopted for the first treatment adjustment (dose reduction, schedule modification, and dose and schedule modification), a complete resolution of side effects was reached in 17% of patients who underwent dose reduction, 0% of patients who underwent schedule modification and 17% of patients who underwent dose and schedule modification. A partial resolution of side effects was reached in 64%, 57% and 83%, while no benefit was observed in 19%, 43% and 0% of patients who underwent dose reduction, schedule modification and dose and schedule modification, respectively [ Figure 3(a) ].
According to the strategy adopted for the second treatment adjustment, a complete resolution of side effects was reached in 25% of patients who underwent dose reduction, 33% of patients who underwent schedule modification and 37.5% of patients who underwent dose and schedule modification. A partial resolution of side effects was reached in 75%, 67% and 50% of patients who underwent dose reduction, schedule modification and dose and schedule modification, respectively. Interestingly, none of the subgroups showed a lack of improvement in safety [ Figure 3(b) ].
The impact of first and second treatment adjustments on the side effects of REG are fully reported in Supplementary Table 2 and Supplementary  Table 3 .
Treatment duration and follow-up data
The mean duration of REG treatment was 13.8 months (median 9.9 months; range: 1.5-53.6 months; 95% CI 11.143-17.301), which included 12 patients still in treatment at the time of the analysis. For 14 patients (23%), the duration of treatment was >20 months, and they had a mean of 32.14 months (range 20.50-53.67; 95% CI, 27.672-39.487); 4 of them underwent only one treatment adjustment, whereas the remaining 10 patients underwent two consecutive treatment adjustments (Table 3) .
At the last follow up, 32 patients had died of disease, whereas 27 patients were still alive and with disease. Of them, 12 patients were still on REG, while 15 patients discontinued REG due to disease progression. Oral mucositis 11%
Main side effects that led to the second treatment adjustment (21 pts)
Hand-foot skin reaction 52% Fatigue 33.4%
Gastrointestinal symptoms 19%
Discussion REG has now been approved as the standard third-line option for metastatic or advanced GIST after failure of IM and SU at the recommended dose and schedule of 160 mg once daily for the first 3 weeks of each 4-week cycle. However, REG has a relevant toxicity profile, including dermatologic and mucosal toxicities, fatigue, nausea, weight loss, hypertension and diarrhoea, which mainly occurs within the first cycles of therapy. 10 Consequently, similar to the experience with other TKIs, dose and schedule adjustments are crucial to reduce the frequency or severity of adverse events and thus to avoid early treatment discontinuation. [11] [12] [13] However, in the real-life setting, the personalization of REG treatment is not uniform and standardized, and in addition to the recommended dose reduction, a wide spectrum of different strategies has been adopted. Thus, the efficacy of the clinical use of REG in metastatic GIST patients is still unknown in the real-life setting. To our knowledge, this is the first retrospective analysis describing REG alternative strategies adopted in practice, focusing on their impact on the safety and outcomes of patients, to optimize and share alternative schedules derived from the real-world scenario.
Firstly, this multicentre retrospective analysis has confirmed that REG treatment adjustment is common in clinical practice, even twice for the same patient, and that it is mainly due to toxicity. As expected, the main reported side effects that led clinicians to treatment adjustments were HFSR, fatigue, anorexia, GI symptoms, hypertension, and oral mucositis. The median time between the beginning of treatment and first treatment adjustment was 2.5 months, confirming that most of the side effects of REG occur within the first cycles of therapy. 10 Interestingly, the use of REG in clinical practice has emerged as heterogeneous in referral centres in our country, in which approximately 20 different strategies of treatment personalization have been identified that can be simplified into three categories: dose reduction maintaining the standard schedule of once daily for the first 3 weeks of each 4-week cycle, schedule modification maintaining the full dose 160 mg daily, and the combination of a dose reduction with a schedule modification (Figure 4 ). Despite this wide heterogeneity, we observed that dose reduction only, with a prevalence for 120 mg/day d1-21 e28, represents the most frequently used strategy of personalization for the first treatment adjustment, as it was adopted in 60% of patients. In contrast, the observed variability was higher for the second treatment adjustment, which had a prevalence for more articulated strategies of personalization in favour of shorter cycles at lower doses.
Moreover, we observed that the treatment personalization of REG has also been adopted since the beginning due to clinical reasons and that even if the sample size of patients is very small, the most common strategy used has been dose reduction only. Contrary to the 'start low and go slow' approach suggested by Tabchi and colleagues in the metastatic colorectal cancer field, which is based on incremental increases of one dose level (40 mg) every 5 days until the desired dose is reached or until the patient presents grade II or higher adverse effects, 14 in our series, the low dose was maintained until disease progression or intolerance. It is worth noting that one patient (BO05) who started REG at the lower dose of 120 mg/day d1-21 e28 is still in treatment after 53.67 months.
From a clinical point of view, treatment personalization, even when repeated, has led to a clinical benefit in almost all patients, which we simply defined as complete or partial resolution of side effects. However, given the wide heterogeneity of the strategies used together with the small case series due to the rarity of the disease, it is not possible to define which strategies have the best safety profile/disease control ratio in GIST patients. It is evident that treatment personalization, independent of which strategy is used, likely affected the duration of treatment in almost all patients. Indeed, in our retrospective real-life series, a median duration of 9.9 months was observed, which is superior to the 22.9 weeks of the GRID trial. In particular, there is a small subgroup of 14 patients (23%) who exceeded 20 months, presenting a mean duration of 32.14 months (range 20.50-53.67 months). In this subgroup of longtreated patients, the most frequently adopted strategy of personalization was that of 120 mg/day d1-21 e28. Taking all these findings together, it is likely that the standard dose of REG, even if recommended, is not suitable for several heavily treated GIST patients, and similar to the SU experience, the administration of REG at a lower dose on a continuous daily dosing schedule, without off-treatment periods, should be explored in the future as another safe and effective dosing option. 15 Certainly, given the clinical importance of treatment personalization, the role of referral centres in the management of GIST patients is increasingly relevant during the disease course, when the clinical experience can make a difference in the long-term outcome. Therefore, metastatic GIST patients treated with REG, compared with those still in treatment with IM or SU, can benefit more from this centralized management.
In the future, pharmacogenetic studies, as well as the determination of plasma levels of REG, may help to better identify the most effective and best tolerated personalization strategies to allow for more homogeneous and uniform decision-making in clinical practice.
Of course, the main potential limits of the present study are the small sample size analysed, which is expected for all studies on rare tumours, such as GIST, and the heterogeneity of the population studied, which does not allow for the obtained data to be statistically significant but is otherwise reliable and useful for daily clinical practice.
In conclusion, from this multicentre retrospective analysis, it has been shown that the treatment personalization of REG in metastatic GIST patients seems common in clinical practice, even if it is extremely heterogeneous within each reference centre. It is evident that, similar to the experience with other TKIs, treatment personalization is crucial to maximize the duration of these chronic therapies and to attenuate their impact on the QoL of patients. [11] [12] [13] 16 Furthermore, treatment optimization can increase patient adherence to REG, leading to improvements in health status and reduced healthcare costs. [17] [18] [19] Finally, given the extreme heterogeneity observed, it is not possible to identify the personalization strategy that has the best balance between safety and efficacy because only prospective studies that include a wider range and larger number of homogeneous cases will clarify it. As early as possible, it is crucial to identify the best strategy to modulate the drug in each individual patient in everyday clinical practice.
